
Vertical Resolution (cyclesIH)

" "

.: 575

" .

Assumed
Spaciavremporal
Response of
the Eye

,"

" J
---+-----+i .--:+---E:---+----:7'-+:--+-,------:-i;.----­

,,"""Temporal Resolution (Hz)

Figure 7: Repeti ion of the spectra for progressive scan (50Hz/575 lines)

if effective SNR in can era operation is to be considered (after gamma and aperture
correction), it leads to able 1, performed on HDTV 1125 lines cameras [8].

\J!nage Device
~:anning system

~
ignal bandwidth (Ml

Nominal SNR (dB)
Effective SNR in caml

Tube CCD
Interlace Progressive Interlace Progressive

!z) 30 60 30 60
47 38 around 50 41-47

ra operation (dB) 34-38 25-29 37-40 29-37

Table 1: Effective SNR estimate of 1125 lines HDTV camera

It can be observed ho'" the technological gap between interlaced and progressive is
considerably reduced p lSsing from tube to CCD. Moreover, although in a first period
mostly interlaced cam I ras have been developed, an interesting recent realization [9]
shows that the specific design of a CCD video camera for progressive scanning allows
to increase significantly its performances, with a cost comparable to that of interlaced.
In particular this realiza.tion is a 525 lines 1: 1 16:9 camera that employs a new image­
ca:>ture system called' lultiple-Frame-Interline- Transfer (M-FIT). The M-FIT CCD is
a different design for th ~ storage-cell and for the signal transfer mechanism between the
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photo diode and the stc rage-area, which leads to a dynamic range twice as large as that
of a conventional devie., owing to the use of the M-FIT CCD for progressive scanning
wi'~h similar performanes as conventional CCD for interlaced one.

Depending on the caml ra technology which is used, i.e. tube or CCD, the motion ren­
dition of moving objec1s may also differ [11]. Figure 8 shows the motion rendition of
a disk moving at const'.,nt velocity (horizontal and vertical motions) across the field of
viEw, as shot by the diFerent camera types.
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Fi '~ure 8: Motion rendition of a moving disk

As illustrated, using a r:: rogressive frame-transfer CCD camera allows to shot frames like
a photograph. This im proves the picture display, especially when there is a need for
diEplaying slow motion >r still picture. Tube scanning (interlaced as well as progressive)
or line-transfer CCDs S lffer from distorsions due to the movement of the object during
the capture of the imag e.

Apart from video-camf ras an important source of motion picture material for future
television is constitutec by films. Film is a medium that will never suffer of any back­
wa,rd compatibility pnblem because its recording quality is the highest possible, it
can be considered as "n extremely high-band RGB. The importance of the archives
mcLintained by the cinenatographer companies is considerable (Hollywood studios and
production community dispose of the largest library of motion pictures in the world),
so it is not negligible t , study how to optimally convert this source material into dig-
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ital data. If we do nOl consider the debate on optimal resolution and RGB-to-YUV
conversion, it is generaly agreed that a 25Hz (24Hz) progressive scanning is the base
condition. Compatibilit y with existing interlaced TV sets is therefore guaranteed by use
of frame-repetition (as n the MPEG2 case). This repetition does not produce evident
motion jerking effects, ~ ue to a series of technical tricks used when filming with a cine­
camera, that otherwise could occur if a 25Hz video-sequence is converted to 50Hz by
simple frame or field reJ .etition without considering temporal aspects (like the exposure
time for example).

Tt.us, from the source )oint of view, progressive scanning is the best candidate when
film materials are used and the latest technological progress allow video progressive
CCD cameras to be USE d with the same quality as interlaced ones.

5 Signal Processing Aspects

Tte second item inside he Recommendation on scanning formats [12] states that a pro­
gressive scanning make: most signal processing operations much easier than interlaced
scanning, e.g. vertical f Itering, interpolation and decimation, slow motion, still picture
di~,play, multi-resolutiol analysis, hierarchical coding and pre-display processing. The
most common comment to this affirmation is that this operations are apparently easier,
but since all the syster tS must work with a doubled clock frequency and with higher
memory usage, the real complexity is greater and not lower for progressive.

In this section the mo~ I; important signal processing operations commonly applied to
the video signal are eX3 mined, focusing the attention on scanning format requirements
and evaluating their conplexity impact in a proper scenario where it is above all distin­
guished between serviCE s to be realised at the broadcasting side (slow motion, chroma­
ke:ring), at the receiver ide (still picture, interoperability) or at both sides with different
co:nplexity and quality (format aspect and frame rate conversions). The first couple of
signal processing opera Ions which merits to be considered regards logically the mutual
scan conversion in orde to evaluate their complexity.

5.1 Deinterlacing I Reinterlacing

Compatibility between nterlaced and progressive can be achieved only if the conversion
algorithms can guarant~e a sufficient picture quality at a moderate cost. It is generally
known that deinterlaciJ g is more complex than reinterlacing because new information
not present in the inpu data must be created.

The results of Race TR\.NSIT works (recently come to conclusion), can be used to state
th,~se debates [13]. ThE y prove that a satisfactory progressive to interlaced conversion
is achievable through a vertical low-pass filter, characterized by a frequency response
ac,:urately designed am well-reproducing the one of a real interlaced camera (Kell fac­
to:~), followed by a verical subsampling with different phase for the two fields. This
study on the filter shap' has produced various good filters well tested in literature, such
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a:3 the ll-tap known a;; HHI filter.

On the contrary, in 0 der to reach a comparable quality in the interlaced to progres­
sive conversion it is c ear that a sophisticated technique, based on a combination of
rr,otion analysis and s,atial interpolation, is needed. Moreover, the motion estimation
algorithm is usually ~. ,Jecifically designed to this aim, since classical block-matching
inplemented for codi! g purposes does not fit the specific constraints. Subjective as­
SE'ssments have been p,rformed based on test-sequences and the evaluation of the scores
shows a significant gal between the motion compensated deinterlacing algorithms and
the other solutions (It \V-cost linear interpolations). The utilization of such complex
tE:chniques at the rect ver side, i.e. after the decoding of the interlaced bit streams,
does not seem realistic torlay and it would be surely of interest to pursue studies on ef­
fective low-cost solutio ]s, possibly making use of standard },lPEG2 motion information.

The HAMLET ExtenE on on Scanning Formats intends to investigate the possible ad­
vcLntages of using a p 'ogressive format as an intermediate format for the coding of
interlaced images. Un .ke TRA;';SIT development, HAivlLET deinterlacer is meant to
be placed upstream tl" coder. In order to get the best coding efficiency, a particular
attention must be paic to the quality of the reconstruction of the progressive sequence
fr,)m the interlaced in>nt. The deinterlaced sequence ha.", to represent the "analog"
scene hidden behind tl e interl:lced input as we!! as possible. [n other words, the fields
added to the interlace, sequence for converting into progressive must be spatially and
temporally coherent \\'1 h the already existing: fields. In particular, the calculation of the
motion vectors must bt finely tuned and a method allowing a perfect reconstruction has
to be found. The anal) ;is inside HAMLET will be based on the general sampling theory
w1ich was proposed nently to handle interlaced images and proved to be successful
[It 15].

5.2 Filtering

VNtical filtering is intI nsically more effective for signal sampled on a progressive grid,
both in terms of compi'.xity and final results.

If the interlaced filtering is performed intraframe, although two frames have to be pro­
ce:3sed for progressive < t the time of only one for interlaced, adjacent vertical pels are
available with a delay cf 20 ms, and all the process could be executed in real-time at the
same speed as progress ve. Moreover, filtering two fields merged produces ghost-effects
and motion judder in r resence of motion.

If the interlaced filterin:.; is intrafield the process could be sped-up, but two more sophis­
ticated filters have to 1e designed (phase linear/not linear, phase shifting) and results
ar,~ degraded in presen:e of critical patterns (near horizontal moving lines) producing
annoying artefacts. N, )te that this second solution is currently employed with effec­
tiveness inside the 4:2:: -+ 4:2:0 MPEG2 pre-processing but in this case the filtering is
applied on the much le;s critical chrominance components. The same conversion for a
pr,)gressive MPEG2 en :oder, usually requires a trivial 3-tap filter (so faster to be im­
plemented than the tw, classic i-tap FIR of interlaced) and offers better performances
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of almost 1 dB.

5.,3 Multi-resoluti on analysis - HDTVlTV scalability

1vblti-resolution proces ,ing of video signals could be historically divided in two great
domains: frequency sea lable and spatial scalable techniques. In the former the down­
wa,rd conversion HDT" '-TV is performed in the frequency domain (subband, DCT)
th rough a proper selec i,ion of a sub-pattern of spectral coefficients, while the latter
provides conversion by FIR filtering (vertical or vertical/temporal). Within MPEG2
sca.lable profiles, the sr atial scalability is the only scalability feature accepted by the
standard where picturE spatial resolution is involved. Frequency scalability, although
deeply considered durir g the preparatory working years of the expert group, has been
discarded at the end, n ainly because interlaced performs poorly in terms of separation
of the vertical frequenc les. The encoded MPEG2 signal can produce a decoded lower
la~'er with high quality (apart from drift problems) from the simplest data partitioning
operation (e.g. the sele:tion of the lowest transmitted coefficients), only effective with
progressive scanning. ~ [oreover, an intermediate progressive step is often considered in
interlaced-to-interlaced conversion, as actually recommended inside the specifications of
a ~;patial scalable MPE:;2 decoder when processing the lower layer to build the spatial
prediction for the highl r layer [16]. Other studies [17] pointed out the clear theoretical
advantages of progressi ie sampling lattice in scalable applications and suggest that the
tra.nsmission of the onl i progressive signal could guarantee a good compatibility with
both HDTV and TV n ceiving systems.

5.4 Slow Motion

Sbw motion can be reg arded as a conversion to a higher frame rate (see the subsection
5.7). The increased fra me rate is displayed at the same original frame rate, thus slow­
ing down the action. ('onventionally, slow motion replay has been achieved by simple
fidd repetition, proces~ that gives rise to undesirable jerky motion effects. To overcome
these problems high-qlality slow motion algorithms recently projected [18, 19] are all
based on high-quality ieinterlacer, specifically projected or adapted to this purpose.
T/pically the whole pi ocess is a cascade of such deinterlacer followed by a temporal
interpolation, where tb e number of intermediate interpolated pictures depends on the
dE!sired target frame-ra !;e. This application is considered as a broadcast service because
in a short scenario it \\ III take the place of dedicated cameras currently used especially
for sport applications. n the future, it may become available as an add-on TV domestic
feature.

5,5 Chroma-keyi 19

Digital chroma-keying IS intended to replace the historical analog process based on the
UBe of the blue compo lent to separate elements from a scene. Basically good perfor­
mances in isolating obects from an image to overlap it on another are achievable only
through good region a d contour detection. surely easier in progressive scanned picture
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than in blurred (since f eld-merged) interlaced picture. Within the researches currently
under development alwa.ys progressive reference material is considered.

5.6 Aspect Ratio Conversion

A~,pect ratio conversiol can be used both at the transmitter and receiver sides. Typi­
cally, it concerns the Cf inversion between 4/3 and 16/9 formats. Probably digital tele­
vision will start in 16/!, so the problem of compatibility with 4/3 material is real. The
re-sampling is essential y a filtering problem (pure horizontal, pure vertical or mixed),
where above considerat ions on vertical filter and scanning format are valid.

5.7 Frame Rate (onversion

This conversion can be ised at both transmitter and receiver sides. It primarily concerns
conversions between:

1. 50Hz/59.94Hz/60 Iz : compatibility between European/Japanese and American
standards.

'2. 50Hz/100Hz: a IT eans to improve video domestic quality still using an interlaced
TV screen, so sav ng compatibility; due to this advantage it has already found a
place in the mark>t. Some upgrades to the pure intra algorithms, making use of
motion estimation are already available. This new solution [20] is provided by the
cascade of a deint~rlacer, a temporal interpolator and a reinterlacer, in order to
obtain an interlaCE d 100Hz sequence where only every fourth picture is an original.
The complexity oj the algorithm presently fits better with studio or broadcasting
application.

:3..50Hz/72Hz : wod stations and PC monitors often work at the frequency of 72Hz
because these disIlays are viewed from a much closer distance than TV set and
so a higher fame ate is considered necessary to eliminate any visible flicker. In
the framework of ,vindows containing video, this conversion problem copes with
interoperability bl tween digital television and multimedia.

5.B Still Picture

If the picture to be disl,layed in still-mode is progressive, this process is automatic and
reduces to an editing problem. If the incoming signal is interlaced an interpolation is
logically needed. The quality of the deinterlacing algorithm is in this case more critical
because artefacts are a:tually clearer than what can appear in motion. Even more if
th,~ purpose is to grab he image and record it as already possible nowadays with some
multimedia software.
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5.9 Interoperabilit;.' with Multimedia

The mere fact that video and audio data is in a digital form is itself a form of interop­
erability. This is already a significant improved step compared to analog. Compliance
with international stand; rdization rules is the second condition of bit stream interop­
erability. Another more complex issue is whether the transport that is suitable for
comumer application is <Ilso suitable for computer workstation applications. The Plan­
ning Sub-committee WOi king Party-4 of the FCC Advisory Committee for Advanced
Television Services [21] ·'as identified several key-requirements for interoperability in
the US ATV system. A lout display issues, the choice of a progressive scanning was
considered as relevant (F SjWP4 Rec.3).

The objective usually ca lied "HDTV on computer workstations" or "multimedia TV
terminals" is achievable;hrough video processor modules able to resize the input sig­
nal, convert it into a wi ldow, locate it and overlapped it with computer graphics or
other video windows. In he resize process a deinterlacer step is always present to main­
tain good quality.

6 Coding Aspe:ts and Future Work inside the HAMLET
Scanning Extension (WP2)

When working with digi al video, digital image compression has to be performed in or­
der to transmit the data with a reasonable bit rate. Since compression is performed, the
picture quality is no lonrer directly linked to the resolution of the picture (in number of
pel:;) but depends on ho'/ compression is achieved (however, the picture resolution gives
an upper limit to obtain a.ble picture quality). Considering a compression like MPEG2,
pic~ure quality may var according to the output bit rate, the quality of the motion
est: mation and the scan ling format used within the coder.

Coding moving interlaCE d pictures as merged fields exhibits"combing" due to the tem­
poral offset between sCI.nning the first and the second field. This effect generates a
rar.ge of high frequencj DCT coefficients when frame blocks are coded and increases
thE number of bits that are required to transmit the block. To get round the combing
problem, MPEG-2 can lise field nCT modes which transform the two fields separately,
based on an inter field notion compensation. However, the increased spatial distance
between field lines mak? field DCT mode less efficient than frame DCT modes when
combing is absent. Furt i1er, the increased temporal spacing between fields of same par­
ity degrades the quality of the coders motion-compensated prediction and augments the
number of bits required to send the predictor error signal (22,23]. Also, the existence of
field aliasing make the esearch of the true motion vectors between fields more difficult
(2 i :]. The absence of co mbing in progressive pictures increases the correlation between
pixels within a block, v,.' hich concentrates the blocks energy into fewer nCT coefficients
when transformed, and ~onsequently lowers the transmission bit rate. The disadvantage
of progressive formats ompared to interlaced is the increased pel rate. The question
is whether the improve nents in bit rate reduction efficiency due to progressive coding
can overcome the incre "sed pel rate.
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From the point of vie\' of a theoretical analysis of the source coding efficiency of inter­
la.ced and progressive ormat, the first step is the design of a reliable model of both the
video signal and the c )ding process. This aim is achievable only under some assump­
tions and constraints. Such models can be found in the literature as in [25] where they
are built up and studi ~d, ;\nd in [26] for a compared analysis. Briefly, the former is a
study intending to get more insight in the nature (and the intrinsic limits) of interlaced
si,gnal, developed main y in the Fourier domain and based on the following assumptions:
spatially band limited scene characterized by global motion and directly sampled on a
quincunx vertical/tern.oral grid; the la.tter work, assuming an ideal Nyquist progressive
sCl.mpling (the interlaC! d sequence derives by subsampling), adopts a specific model for
the source sequence, a stationary Gauss-Process with isotropic PSD. The first common
stage is the Intra ana, ,sis. In (25] the intrafield processing gives evidence to the two
alIas tNms in each fiell's spectrum. with opposite sign, \vhich disappear in intraframe
case when no-motion h,twep.n the t'.vo fields occurs. In [:26] the intrafield interlaced cod­
ing is compared with i: traframe progressh'e coding by means of Rate/Distortion curves
obtained through theiodel, and showing better performances for interlaced. Moving
to inte:-frame Illotion I )mpensated processing (hybrid coding), both the models allow
to enha:1('(> the intrin~ c constraints of interlaced representation for both the motion
i'stimatioll and the OIl ion comp'~lls~~ted inte!polation. Tn [:2.5] the inherent advantages
(,f the intpr'field "ame Iri1.: motion compen:id.tioll, rather than opposite parity are also
pro\'ed.

The :'IPEG-2 coding r fcrence model <Kcepts both interlaced and progressive pictures,
hu t only the 25Hz/62"> lines 1: 1 format coaforms to MPigJML, while decoding the
,jOfh:/62:,) lines 1:1 fort: a.t presently [('(illires the much more expensive H1440L designed
fo!' !Jle HDTV. This is real gap for progressive in the framework of an evaluation made
upon a realistic scenar t. and :0 this aim ill [12] is suggested to define an intermediate
~rPEG level compatibl! with the .50Hz/52') lines progressive format. However, as done
for all this paper, for tt e future \\'ork, \v€ will consider a progressive format with a con­
\'E'1tional double numb- :, of pel. i,e. "double amount of information. A.nd about coding,
~:le aim or the simlilat: IlS is to tC'st tlt,~ capacity i~() ilse efficiently the increased spatial
and temporal correlatil Ii present inside sta.tistic data available after a progressive sam­
pling. It is to be consic 'creJ howe\'er that, since the ~IPEG2 was mainly developed for
interlaced and used wit I interlaced :naterial as reference, it contains some mechanisms
lik,~ the frame/field chI I.ce for the prediction and for the DCT transform which allow
to subdue its intrinsic :onstraints. The MPEG:2 Draft Recommendation leaves some
degrees or freedom in he project of the encoder, so a wide range of them has been
de'/eloped and tested d ring the last 1.\\'0 years, starting from the TM4 reference model.
In~ide HA.\ILET/WP2 a.nd in collaboration with the parallel research on the hardware
carried on inside the W).5, a software codec has been developed by HAMLET partners
and it is presently unde modifications and optimizations to best cope with progressive.
In fact many algorithm c simplifications are possible for an MPEG2 encoded designed
on purpose for progres'lve signal: no need to choose between frame/field in picture
type, in macroblock prr diction and in block OCT transform, but also in the hierarchi­
cal motion estimator.

An important matter tl at will be explored at the final stage of simulation within WP2
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concerns the visibility c f coding artefacts produced by interlaced and progressive codecs.
In other words, whethe the effects of the rougher quantization is more annoying on pro­
gressive pictures than he amplification of flicker artefacts on interlaced ones or not.

TE~sts already have she wn [22] that the coding of interlaced or progressive sequences
is nearly equivalent wI en comparing the SNRs of the decoded sequences. Although a
progressive format cont a.ins twice as many pixels as interlaced, it seems that the amount
of information is not tv ice as large but may be seen twice as redundant. A good coding
method eliminates this redundancy. It also has been found that coding progressive se­
quences may improve t he subjective quality of the decoded sequence, even if the latter
is displayed in a inter! tced format [27]. Even if a interlaced scheme is chosen for the
future digital television an intermediate progressive format (inside the codec) may thus
be useful in order to p mvide a better quality of the displayed sequence (interlaced or
progressive) but also sluplify further signal processing [15, 22, 28, 29].

About the doubled ele ck-frequency (sampling rate passes from 27 MHz of CCIR601
resolution to the 54 tv! Hz of the corresponding progressive) basically two different ap­
proaches could be envi~ aged for a possible progressive encoder and decoder chips, taking
into account present s'liutions adopted for HDTV interlaced encoder and decoder on
advanced project insid~ HAMLET. The HAMLET H1440 encoder demonstrator [30]
overcomes problems rl lated to the high data-rate (4 times CCIR601, so 108 MHz)
th rough a sophisticater parallel architecture based on 4 coding processors working each
on a vertical stripe of he picture at standard TV data-rate; this solution makes pos­
si)le the use of alread experimented ASIC chips designed for SnTV encoding. The
adoption of the same itrategy could be envisaged for a possible progressive encoder
(picture divided into: stripes instead of 4), and the additional complexity compared
tc an interlaced TV e! !coder is quite little. The H1440 decoder [31] on the contrary,
sh.ce at the decoder s de less computational power and memory size are needed, has
been projected with an ad-hoc VLSI structure that processes the whole picture data, an
uo MHz input data s ream. Although a parallel architecture is internally used when
possible (IDCT, dequattization, tow layer and high layer) there are chipsets running at
.54 and even 67,5 MHz so at the limit of VLSI technology. Taking into account these
experimented data, a lrogressive TV decoder could be seen as a downscaling of the
complexity problems b 're already solved.

7 Display Aspects

T,~levision is the most lifficult application of any display technology, requiring the abil­
ity to provide grey scaj~s, full colour, rapid response speed (below 20 ms), high contrast
(over 50:1) and bright Cless (at least 200 cd/m:!) with good uniformity (at least 5%),
all at a relatively low cost. Up to now only CRT technology seemed to match these
needed characteristics. but as in camera technology there is a fast growing of researches
and developments in t lis area. New promising systems, which have already conquered
lead positions in parall d applications (like LCD in portable computer displays and rear
vi deo projectors), now challenge CRT even as TV display. The most promising system
configurations current I i in advanced study are Active Matrix LCTV, Digital Micromir­
ror Device and Plasml' Display Panel, which present interesting behaviors for interlaced
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and progressive scanning fo mats.

Active matrix LCD is by Iowa mature technology [32]. The latest tests and com­
parisors show a picture qm lity near to CRT, with a considerable reduction in weight
and dimensions. They worl by incorporating in every picture element an active elec­
tronic device, usually a thi I. film transistor (TFT). However, even if the TFT is the
most critical component of.he system, picture quality depends also on the properties
of the liquid crystal, on thE colour filters and upon the way the display is driven. In
fact, although the basic perormances of these displays can often match that of a good
CRT, when experimenting tlem with present TV transmission systems (PAL, SECAM,
NTSC) some problems aris· because these systems were specifically designed around
CRT. Apart from the gamn a pre-correction which is applied at source and specifically
desjgn€~d on i he brightness-'oltage curve of CRT, thus producing distortion on LCD,
the more important preble.l is the use of interlaced scan. Pixels belonging to lines
of one pari~\' are addressed n every other field, Le. each 40 ms for PAL. Due to the
lemporal re~ ponse of an LC ) element, more similar to a flat response rather than to the
typical decrea..,ing character stic of the beam-target interaction of CRT, these pels can
uften be visible when the ot ler field is presented after 20 ms. This phenomenon has no
conseqlence for stationary ['giOllS but gives unpleasant smearing effects on the edges of
moving; ()bjt:\,ts. That is \Vh usually an internal prO:3can conversion is performed (also
in rear· projectors. see [3:3]) n order to drive the lines of each frame sequentially. The
Lln. thLt tb... charging-time ·)r the pel capacitance driven by the TFT must be reduced
tc< 3:~;i$) is no problemat . with current technology.

Very pl'rlmising but relative] . ncw, so still in a prototype stage, is the technology named
Digital \Iicromir;or De\'ice D\10). a spatial light modulator. The DMD is a new kind
of semiccnr1 uctor rechnolog; [:3-1] that combines electronic, mechanical and optical tech­
nology, in order to create;, all digit;:tl display by the use of micro-mirrors reflecting
light, each of them being ~ ociated witil a picture element. Its peculiar characteristics
are thE minimal dimension)f each image element, which allows high integrability in
large :ocale (structures of 20 8x11.52 pels have been realised for HDTV purpose), and a
good fa.stness in rcsponse t( digital driving signals (usually bit-plane data PWM mod­
ulated). D?vlD projectors ;1 e two or three times more efficient than LCD technology
when compared for brightn, ss (increased optical efficiency of the mirrors compared to
liquid-crystal valves). Cnlik' a conventional CRT which works in interlaced (the glow
of the phosphor in the CRT persists long enough for the interlaced technique to work),
the DMD has no persistencf and must display the entire picture every 1/.50 of a second.
This makes the DMD well sited for futur~ progressive displays. Inside the architecture
already projected to SUppOl a DMD for the video available today, a proscan converter
is always present.

Progre:5sive scanning for Plasma Display Panel (PDP) is strongly desirable, because AC
PDPs have inherent memor i which requires, in interlaced operation, to switch-off the
lines of the opposite field. . t leads to line structure and 50Hz flicker. Moreover I PDP
is an alternative to the LeI because of its very wide viewing angle, very large display
size (1.5 meter diagonal witi 2048x2048) and 24 bit color scale, and because AC plasma
displays have a very long lif~time (40 years) [3.5].
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As in the case of the ex"mples found in literature for LCD, the algorithms employed for
this interlace-to-progres;ive conversion are usually very simple (field repetitions, spatial
interpolations). Global performances should surely benefit of an high-quality deinter­
lacing block placed up' 'ard in the video chain, and even more with progressive input
pictures.

8 Scenarios fo' the Adoption of a Progressive Television
Scheme

This section analyses ti ree scenarios that might be used for the implementation of the
fU';ure digital television and discuss their impact on the decision of adopting a progres­
sive television format 0 not. These scenarios show that this decision basically depends
on the choice of the bloadcasting format. Two of these scenarios also show the pos­
sibility for both interla:ed and progressive technologies to coexist, ensuring backward
compatibility with old 'illteriaced) material during a transient period.

8.1 Scenario 1 : 1nterlaced Broadcasting Format

For this first scenario,ve assume the adoption of an interlaced broadcasting format for
all television program! les (see figure 9). It represents the worst situation for gradually
switching to a progres;ive format. Indeed, in such a context, both studios and end­
cConsumers have no ad, antage to move towards a progressive scheme:

• Since television s udios have to deliver their programmes to broadcasters in an
interlaced format it makes no sense to adopt a progressive format for whole studio
chain: the impro ed quality of the progressive format will inevitably be spoiled
at the reinterlacec However, a progressive format may be used for improving the
quality of some If cal applications (signal processing, digital chroma-keying, etc.).
This progressive j )rmat will be generated through the use of a deinterlacer, prob­
ably located insid' the application box itself. Nevertheless, adopting a interlaced
broadcasting forn at will force progressive to come down to a marginal format.

~i:'.~"'.'. "........, ."

"..:,

Interlaced Studio

INTERLACED Broadcasting

((.~I? ". --Z-.&.
I' ~ •Interlaced Television Set

Figure 9: Fin; scenario: Adopting an Interlaced broadcasting format

• It also makes no sense for the consumer to purchase a progressive display. Even
if the use of a pr'lgressive television set may improve the visual quality of the dis­
played images, e onomical considerations will force the marked to offer receivers
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based on low-co::.t deinterlacers only. The slight quality improvement that will
result will not ba iance the increased price and complexity of the progressive sets.
Also, requiring altout the same complexity, 100Hz-interlaced displays offer a much
better improvem, 'nt compared to the 50Hz-progressive displays, when both have
to deal with a 50-Iz-interlaced input.

8.2 Scenario 2: Progressive Broadcasting Format

As second scenario, w·~ will now assume the adoption of a progressive format for the
broadcasting (figure 1 f). This choice give rise to new considerations:

• Current scenario allows full progressive transmission, from the very beginning of
the process (imag~ capture) to its far end (end-consumer receiving set). Compared
to the first scenar 0, this scheme is able to improve visual quality (improved vertical
definition and abence of the interlaced artefacts) at every stage of the process.

• Compatibility will interlaced studio. As intermediate step towards a full progres­
sive scheme, "old' interlaced studio may keep their material and broadcast pro­
grammes by prel minary using a deinterlacer. Besides removing the interlaced
artefacts (but no restoring the vertical definition loss inherent to the interlaced
format as mentic1ed previously for the Kell factor) the deinterlacer is also sup­
posed to improw the digital coding of interlaced sources. This last point will be
studied in the ne t WP2/Scanning Formats deliverables.

Progressive Studio

High-Cost
Deinterlacl

~.'
~
Interlaced Studio

PROGRESSIVE BroadC:lSling

o
Progressive Television Set

Low-Cost
Reinterlacer

•Interlaced Television Set

Figure 10: Secor d scenario: Adopting an progressive broadcasting format

• Compatibility wit t interlaced receiving sets. In order to receive progressive pro­
grammes, owners of interlaced displays will have to purchase a progressive to
interlace convertf r. This format conversion is very easy to achieve and may be
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implemented as l. low-cost settle box. Since progressive digital broadcast is ex­
pected to impro\ e the coding efficiency, owners of interlaced displays will enjoy a
better image que lity compared to the first scenario, even if all interlaced defects
will be generate( at their display. Moreover, since the adoption of a progressive
format goes han, in hand with the advent of the digital television, owners of an
old analogue inte rlaced display will inevitably have to purchase a digital decoder.
It's is foreseeablE that this decoder will also offer the required deinterlacer at its
output. So, besi 1es the digital decoder, no additional format converter will be
needed.

• Since the adopticl of a progressive format give rise to higher image quality at every
stage of the telev sion chain, the crossing between the interlaced and the progressive
worlds will come naturally.

• In the first scena do, we noticed that even if the consumers decide to adopt pro­
gressive displays .. they would not be satisfied with since economic considerations
will force the end user market to offer low-cost (implying low-quality) deinterlacers
only. In the currE', t scenario, the potential deinterlacer is located at the studio side
and gives the opr ortunity to work with complex high-quality format conversions.

8.3 Scenario 3: Free Broadcasting Format

As last scenario, we w I.l now study the broadcasting of both interlaced and progressive
formats, depending on the signal found at the studio output (see figure 11). This scheme
results from the comt, nation between the two previous scenarios. All considerations
emitted for the secone scenario remain valid. Since digital television is able to encode
both interlaced and pr 19ressive formats using the same syntax (see the MPEG2 syntax),
it makes possible the' \vo formats to coexist and be broadcasted together.

• Interlaced studio: are not required to use a deinterlacer at their output anymore.
Interlaced progranmes may then be received by the old television sets without
format conversio or by progressive displays through the use of a deinterlacer.
Furthermore, thE' owners of a progressive display may take advantage of the in­
creased horizonta scanning velocity of their television set, and switch to a 100Hz
flicker-free interlaed mode, since the poor quality of the low-cost deinterlacing.

• In order to disply progressive programmes. interlaced television sets will have
to be coupled to~ether with a reinterlacing settle box. Another (costly) solution
would be the bro, dcasting of both interlaced and progressive versions of the same
programme at th. same time. However, it does not make sense since the adoption
of a progressive f( rmat will probably coincide with the arrival of digital television.
Consumers will h ve to change their" analogue" television sets or at least purchase
a digital decoder As we already mentioned, nothing prevents this decoder to
include the requil~d progressive to interlaced converter. No format duplex is thus
needed for the br ,adcasting anymore.
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8.4 About the Ad)ption of a 50Hz-progressive Format

The Digital Video Broalcast group (DVB) defined a set of standards that will be used
to implement digital te evision transmission in Europe. The DVB standards describe
digital television transn ission over cable, satellite and terrestrial. All three standards
arE based on a MPEG2 main profile/main level coding (MP@ML). The differences are
on the modulation tech iques.

In the existing MPEG2 hierarchy, a 50Hz-progressive scanning format implies the use
of the expensive MPEC 2 high-1440 level which was designed to work with pixel rate
up to four times higher than the main level. The ,50Hz-progressive transmission lies in
between these two level and would ideal1y need the definition of an intermediate level
at main profile. Such I roposition was forwarded to the DVB and the MPEG Imple­
mentation Guidelines g oup in January 1995

The 25Hz-progressive f, ,rmat can be reached with the main level. However, such for­
m2,t - probably ideal f, r 24 (2,5) Hz movies - may not be appropriate to cope with
,50::-rz-interlaced or progessive sources as shot by 50Hz-frame rate cameras (see section
2.2). It may require the use of an high-cost temporal interpolator at the receiver side
or further information lming from an assistance channel.

9 Conclusions

As discussed in this del verable, both interlaced and progressive formats have their re­
spective advantages an~ drawbacks. Choosing one of them as the definitive solution of
the scanning problem \\ auld be utopian, at least \vhen considering today's state of the
technology. Nevertheles, it must be stated that one day, technological progress will
de:1nitively tip the bala lce and make it worthwhile to move to a progressive scanning.

Other things being eql ai, it would objectively represent a poor technical return on
investment to move froll the interlaced to the progressive scanning: the improved pic­
ture quality and the er hanced picture processing do not balance all efforts and costs
nel~ded to change the ov ~rall television topology in case of adopting a progressive format.

However, the advent of he future digital television will inevitably bring deep changes in
this topology: consumf rs will have to change their television sets (or at least, purchase
a digital decoder), broa' !casters and studios to adapt themselves to this new technology.
In such a context, dra." tic changes will occur in our current television system. These
ch:tnges may be seen <U a unique opportunity to adopt a progressive scheme, implying
only minor costs camp; red to the overall budget involved in such operation. With the
advent of digital televi:ion, the question about the uselessness of interlaced scanning
will raise since digital:oding offers many other ways to save bandwidth. From this
analysis it seems that. mostly to achieve an important package of services which will
come together with fUI He television, a format conversion toward progressive is desir­
able. Also, the adoptic n of a progressive format while changing the television system
would be a provident ;:titude for facing the new requirements which can arise in the
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future (e.g. multimedi i and compatibility with the computer world).

For all these reasons, several progressive formats have already been choosen for the
introduction of the ne v digital HD television in the U.S. [36]. In Japan, the launching
a new standard called EDTV-II (Enhanced Digital Tele Vision) will also make use of a
progressive format (4EOx720, 59.94 Hz) [37]. In a European context, the adoption of a
progressive scanning f( rmat will have to cope with the decision of the DVB group, which
expressed itself in favo Ir of the MP@1-:lL MPEG2 coding scheme. Just as it is, MP@ML
dQes not allow the codng of 50Hz-progressive sequences. However, this limitation only
comes from the definit on of the MP@ML itself which was decided to restrict the pixel
rate below the one nee· led by a 50Hz-progressive format. On a practical/technical point
of view, this problem s meaningless since the .50Hz-progressive format may be coded
using the same bit ra ,e as interlaced at same or improved visual quality. In other
words, it would have .een more judicious defining the MP@ML to include the 50Hz­
pwgressive format. 01 the contrary, the .50Hz-progressive format has been classified
with other high-cost j lfmats that require a more complex high-1440 level-compliant
decoder (:\IP,@H-14). \.S proposed by the RACE Image Communication Project Line,
this syntax problem mr y be solved by defining an intermediate :\lPEG2level compatible
with the .SOHz-progres ive format.

:References

[1] .J. Watkinson, The-lrt of Digital Video. Focal Press, 1990.

[2] E.C.C., " Draft Con plementary Workplan for Accompanying Measures and Prepara­
tory Actions in the Area of Digital Image Transmission", May 1994.

[3] L. Goussot, La Tt !evision J.fonochrome et en Couleurs. Collection Technique de
1'0RTF, Ed. Eyrol es, 1972.

[41 R. Schafer, 8. C. Clen and },.or. Leptin, "Benefits of Progressive Scan for Production
and Transmission" Signal Processing of HDTV, Elsevier Science Publishers B.V.,
1988.

[5/ L. Vandendorpe, "1 iierarchical Coding of Digital Moving Pictures", thesis, Catholic
University of Louv; in, October 1991.

[6"1 T. J. Long, "Why r on-Compatible High-Definition Television", Compatible Higher­
Definition Televisio I, lBA Technical Review, Vol. 21, November 1983, pp. 4-12.

(7:1 D. Westerkamp an I H. Peters, "Comparison between Progressive and Interlaced
Scanning for a Fut Ire HDTV System with Digital Data Rate Reduction", Signal
Processing of HDT , Elsevier Science Publishers B.V., 1988.

[8] J. Kumada, "Consderations of Camera SNR from the Viewpoint of Bit-Rate Re­
duction: :\ Com pal Ison Between Progressive and Interlaced Scanning For HDTV",
SMPTE Journal, ['?cember 1994.

W' N. Wada et al., "A \Jew 525-line Progressive Scanning Television Camera with 16:9
Aspect Ratio", 8M )TE Journal, January 1995.

[10] L. J. Thorpe and '.:'. Hanabusa. " If Progressive Scanning Is So Good, How Bad Is
Interlace'?", SMPT". Journal, December 1990.

[11] M. A. Isnardi, "1' fodeling the Television Process", Technical Report 515, Mas­
sachussetts Institut of Technology, May 1986.

27



[12] L. Van Noorden a ld P. Delogne, "Image Communications in RACE 1994-1995",
International Broac casting Convention, Amsterdam, September 1994.

[U] M. Ernst, B. Chu,Jeau and C. Dufour, "High Quality De-interlacing and Format
Conversion Algoritlms Developed Within the RACE-Project TRANSIT", Final
TRANSIT Worksh.p, Berlin, Germany, March 1995.

[14] P. Delogne, 1. CU\ elier, B. Maison, B. Van Caillie and 1. Vandendorpe, "Improved
Interpolation, Moti, on Estimation and Compensation for Interlaced Pictures" , IEEE
Transactions on In: age Processing, Vol. 3, No.5, September 1994, pp. 482-491.

[15] 1. Vandendorpe, I Cuvelier, B. Maison, P. Queluz and P. Delogne, "Motion Com­
pensated Conversic 1 from Interlaced to Progressive Formats", Signal Processing:
Image Communical ion, Vol. 6, No.3, June 1994, pp. 193-211.

[1 15] International Org~.nization for Standardization, "Generic Coding of Moving Pic­
tures and Associat ~d Audio", Draft recommendation H.262, ISO/IEC 13812-2,
March 1994.

[Ii] T. Chiang and D. \nastassiou, " Two-layer coding of interlaced HDTV for graceful
degradation", Inte'rwtional Workshop on HDTV'92, Kawasaki, Japan, November
1992.

[IS] ~I. Ernst, ., Advan ed Slow Motion Replay Using Motion Compensation", Interna­
tional Workshop 01 HDTV'93, Ottawa, Canada, October 1993.

[19] B. Chupeau and J. Salmon, "~Iotion Compensating Interpolation for Improved
Slow Nlotion", Intt'national Workshop on HDTV'92, Kawasaki, Japan. November
1992.

[20] D. Bagni and P. Muzio, "HD-TV Field Rate Doubler", TRANSIT final Work-
shop, Berlin, Germ ny. ~Iarch 1995.

[21] Report of the plan ling sub-committee Working Party-4 of the FCC Advisory Com­
mittee for advance, television services, December 1992.

[22] L. Vandendorpe, Cuvelier, B. Maison and P. Delogne, "Coding of Deinterlaced
Image Sequences", rEEE International Conference on Image Processing (ICIP-94J,
Austin, Texas, NO\~mber 1994, pp. 943-946.

[23] T. Doyle, "Interl; ced to Sequential Conversion for EDTV Applications", Signal
Processing of HDT/, Elsevier Science Publishers B.V., 1988.

[24] M. Kerdranvat, ., iD-ivIAC Encoding Algorithm With a Progressive Signal Pre­
cessing", Internati,rwl Workshop On HDTV'89, Torino, Italy, September 1989.

[25] R. A. Beuker and !. A. Shah, "Analysis of Interlaced Video Signals and its Appli­
cations", IEEE Tr2 llsactions on Image Processing, Vol. 3, No.5, September 1994.

[26] S.Hartwig, "The nportance of Scan Formats for Bandwidth and Complexity Re­
duction in Digital mage Coding" International Workshop on HDTV'94, Torino,
Italy, October 199"

[27] J. O. Drewery, "1; terlace and MPEG - Can Motion Compensation Help?", Inter­
national Broadcast ng Convention, Amsterdam, Holland, September 1994.

[28] B. Chupeau and ). Salmon. "Motion Compensated Deinterlacing for Studio Ap­
plications", Intern, tional Workshop On HDTV'93, Ottawa, Canada, October 1993.

[29] M. Muratori, M. : troppiana and Y. Nishida, "Coding Efficiency of Systems adopt­
ing Progressive, D. nterlaced and Interlaced Formats", International Workshop On
HDTV'93, Ottawa Canada. October 1993.

28



[30] Thomson Broadband Systems, "HDTV MPEG2 SSP@H1440L Codec Specifica­
tion", Deliverable No R2110/WP5/DS/I/001/b2, October 1994.

[31] T. Selinger et al., ' Chipset for a Single-Board MPEG-2 SSP@H-1440L HDTV
Decoder", Internatio,' ,al Workshop on HDTV'94, Torino, Italy, October 1994.

[32] A. G. Knapp, M. J. ]'owell, "Display Issues for a Si-Active Matrix LCTV", Proceed­
lngs of the 9th Interr ational Display Research Conference, Kyoto, Japan, October
:.989.

[33] M. Tsuruta and N. \/eubert, "An advanced high-resolution, high-brightness LCD
color video projector, SMPTE journal, June 1992.

[34) J .M. Younse, "Miw rs on a chip", IEEE Spectrum, November 1993.

[35] L. F. Weber, "Plas:la Displays", Society for Information Display '94, San Jose,
California, June 199<:

[36] C. Basile et al., "TIe U.S. HDTV Standard. The Grand Alliance", Special Report
,)n Digital TV, IEEE Spectrum, April 199.5

[37] Y. Ninomiya, "The Japanese Scene", Special Report on Digital TV, IEEE Spec­
trum, April 1995

29



PROGRESSIVE AND INTERLACED FORMATS:

COMPARISON AND CODING EFFICIENCY

Mario Muratoria, Mario Stroppianaa, Yukihiro Nishidab

c Centro I~icerche, RAI - Radiotelevisione Italiana, Corso Giambone 68,
I 10135 Torino, Italy

t Science&Technical Research Laboratories, NHK Nippon Hoso Kyokai,
1-10-11 Kinuta, Setagaya-~"u, Tokyo 157, Japan

AB~)TRACT

Frogressive format provides higher quality picture, avoiding the artefacts typical of
interlaced signals and facilitates the picture processing and the multilevel coding
approach. On the other hand, progressive scanned pictures present twice the number of
s3mples Cif the interlaced ones, but their vertical and temporal correlations are higher if
the progressive pictures haVf~ the same vertical resolution of the interlaced pictures.

The paper compares the coding efficiency between interlaced and progressive pictures,
a1d reports the results of computer simulations performed at different bit-rates, using a
hybrid OCT coding scheme. The progressive and interlaced signals have been suitably
p·ocessec in order to produce the same vertical resolution for the static pictures. The
msults ind icate that the coding efficiency is higher for the progressive pictures than for the
irlterlaced ones. Based on preliminary results, the paper indicates that also de-interlaced
s3quences can present coding efficiency higher than interlaced pictures. If confirmed by
fllrther results, it is possible, in an interim period, to produce and process interlaced TV
s gnals in the video studios and then to convert them to encode and broadcast
p·ogressive TV signals. ."

The paper does not consider the influence of noise, added to the pictures by the TV
C 3mera, on the coding efficiency. In fact, the SNR ratio of the TV camera is a function of
it; bandwidth, and the progressive camera has twice the bandwidth of the interlaced one.

1 INTFlODUCnoN

Ir I the past, when the analogue television was designed, the choice of an interlaced
s' ~anning format has been very effective. In fact, the temporal and static vertical
msolutions were the same of a progressive scanned video signal, but the involved
b 3ndwidth was halved. The artefacts of the interlaced format, Le. line-twitter and line­
c'awling, were masked by the technology of the displays and cameras. Thus, an
ir terlaced format provided about the same picture quality of a progressive format, but
mquired cheaper video equipment, Le. TV camera, display, mixer, recorders, etc., and
n 3rrower transmission channi3ls.

T :>day, thEt higher technology level of the displays highlights the artefacts of the interlaced
fc >rmats, hl3nce a progressive format will avoid such artefacts improving the picture quality.
It; adoption will facilitate the picture processing as filtering, down and up-conversion,
S' andard conversion, moticn estimation, and slow-motion. It could be particularly



beneficial for the receiver because it would simplify spatial and temporal up-conversions,
providing a higher quality of the converted pictures, and would favour the interoperability
\lith the world of computers Multilevel approaches considered for terrestrial and satellite
t ,roadcasting, to provide the. viewer with different levels of resolution, are facilitated and
i nproved using progressive Formats.

~~oreover, the digital encoding and transmission of the video signal are not related to the
~. ignal bandwidth, but to the bit-rate of the coded signal. Hence, the coding efficiency of
~ rogressive and interlaced s,:anned video signal must be considered.

~ • SOURCE SIGNAL

2.1 Prclgressive and interlaced formats

Frogressive scanning is the most direct approach to represent a two-dimensional images
81nd is normally used in computer applications. CCIR Rec. 709 indicates some parameters
for the HDTV signal and points out that the objective for the system is defined to be
progressive scanning format

II I the dig ital domain, interlacing or line-quincunx subsampling introduces a reduction
fclctor of two on the sampling rate. The interlacing maintains the vertical resolution in
satic pictures, but introduces the above mentioned artefacts. The line-quincunx causes a
rHduction of the diagonal rE!solution, generally less perceptible, on static and moving
p ctures.

5milar reduction factor of ':,he final information can be achieved by applying digital
cc>mpressi,:>n techniques to the progressive pictures, exploiting the spatial redundancy. A
bf~tter overall performance can be expected. For example, in the case of video recording a
progressive format could provide better performance in slow motion and still picture at
e;:penses of an increased complexity; in studio and at the user's home, high quality
standard c:onversions and spatial and temporal up-conversions could be provided with
10 Ner complexity.

A severe limitation in the performance of tube and CCO cameras is the great~r drawback
in adoptin~.1 the progressive formats. In fact a reduction of 9 dB of the SIN ralj·o occurs in
th,e case of tube cameras, and 6 dB loss in sensitivity occurs in the case of CCO cameras.
Tilis penalty is principally important for the HOTV camera whose performance in terms of
51 N ratio, for the tube cameras, and sensitivity, for the ceo cameras, are presently not so
hi~h as col1ventional TV cameras [1]. The increased noise on progressive pictures could
reduce the performance of an HOTV coding system, but, likely, does not affect perceptibly
th 3 performance of a TV codirlg system.

2. 2 Considerations on the camera response

The electri<:; charge on the target of a tube camera is a function of light intensity and of
th';l exposition time. On the other hand, the exposition time limits the temporal' resolution
of the camora, hence it must be limited [2].

n e scanning beam interrogates the target, and, in order to provide a high temporal
re;olution, discharges the entire target at each field. To this end, the scanning beam must
cover all the surface of the tar,get with overlapping. The vertical extension of the scanning
beam must be at least equal 10 the distance between two lines scanned in the same field
ard limits the vertical resolution of the camera. Ideally, ignoring the beam modification
eftects SUd1 as beam self-sharpening, the beam spot can be considered circular with a
Gclussian profile of the beam c;urrent density. Its modulation transfer function, MTF, will be
a ~;ymmetric~al Gaussian curve in both the vertical and horizontal directions [1].



CDTV-P

The distance between lines of each field in an HOTV camera is half that of a conventional
TV camera, then the vertical beam spot aperture can be halved maintaining the same
temporal resolution of the TV camera. A progressive TV camera has the same number of
line per frame of an interlaced TV camera, but a double number of lines per field.
Therefore, the distance between lines in the field is half that of a TV interlaced camera
and the beam spot can be made finer, increasing the vertical resolution. The spatial and
frequenGy characteristics for the HOTV interlaced camera (HOTV-I), and the conventional
definition TV interlaced (COTV-I) and progressive (COTV-P) cameras are depicted in
Figure 1. The trade-off between increased vertical resolution and vertical aliasing must be
accurate!ly considered and)ptimised, mainly in the case of the progressive camera.
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Fig. 1 - Camera response

~:.3 Implications for the studios and the receivers
~

The progressive scanning formats have the mentioned merits of processability and
il1teroperclbility with the computer graphics and film production and the demerit of a lower
~;/N ratio Gaused by the TV camera. Further drawbacks are the implications of progressive
ftxmats in the video studio environment. In fact, all the studio equipment presently
ceveloped is based on interlaced formats, therefore the implications in terms of
standardi!>ation efforts and investments to design and develop equipment suitable to
cperate with progressive signals are not negligible.

(In the other hand, it is likely that significant investments are necessary also to modify the
present TV studios, equippe~.j for the present composite signals (PAL, NTSC, SECAM) to
operate in digital component TV and HDTV.

The progr,assive TV and HO"V signals have a sample rate double of the interlaced ones.
The cost of a digital video:;tudio is related also to the sample rate of the TV signal;
h:mce, thEt cost of a progressive TV studio might be higher than the cost of an interlaced
TV studio. However, studies and tests carried out at the RAI - Research Centre showed
tt :at the enhancement of resolution inherent to the interlaced HDTV with respect to the
ir terlaced TV defined by CCIR Rec. 601 (EDTV), is hardly appreciated with screen size
Ie wer than 45" [3]. Informal evaluations indicate that a progressive EDTV further reduces
t~ e subjective advantage of an interlaced HDTV. Therefore, progressive EDTV could
re present an appealing choic;e in the near future to promote a high quality digital video
sHrvice and to limit the invest'llents required for video studios; a progressive EDTV studio



likely requires less investments than an interlaced HDTV studio. The progressive HDTV
format, indicated in CCIR ;~ec. 709, could be the natural and compatible choice, in the
longer te!rm.

Different classes of receiver and displays can be envisaged, if a high quality progressive
signal is available. The receiver could display the progressive signal exploiting its quality
features or it could obtain al interlaced signal simply omitting one video line each two and
display it on a cheaper display.

3. PnOGRESSIVE VS. INTERLACED COMPARISON

3.1 Cc)ding scheme

Hybrid OCT algorithm without rate control, and with Intra-field, motion compensated inter­
field and motion compensated inter-frame, coding modes was adopted on interlaced
::>ictures; intra-frame and motion compensated inter-frame coding modes was used on
:xogressive pictures. The ITotion vectors are evaluated using a block-matching technique
Nith half pel and half line ae curacy.

rhe OCT coefficients have.)een quantised using a quasi-linear quantiser and the bit-rate
1as been considered equal to the entropy of the OCT quantised coefficients. This

I ;onsider~j an ideal VLC; the implemented VLC's have a coding efficiency, indicated as
I mtropy/b it-rate ratio, lowel than, but quite closed to 1. Coding distortion has been
Ineasured by non-weighted Spp/Nrms ratio expressed in dB, where Nrms indicates the
loOt mean square value of tne differences between the decoded pictures and the original
(mes and Spp is equal to the nominal signal range. The coding noise bandwidth is equal
to the si~~nal bandwidth, hence, it is twice for the progressive signal compared to the
i1terlacecl signal. Entropy and coding distortion refer only to the luminance component of
the picture.

'Vhen spl3cified, the weighting matrix defined by CCIR Rec. 723 was used on interlaced
~ ,ictures; a similar weightinl:J, modified taking into account the doubling of the vertical
f"equency, was adopted on progressive pictures.

:.2 Te~;t sequences

Three progressive sequences have been considered: "Renata", shot at the RAI-Research
Centre, "Street Dance", and "Flags Waving" kindly provided by NTL-UK. The pictures
v'ere shot by a camera designed for interlaced HDTV pictures (1250/50/2:1). Such a
camera can also operate without interlacing and shoots progressive TV pictures
(,525/50/1. 1).
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The MTF Gharacteristics of t1e used camera provide a vertical resolution higher than that
a ilailable with a 1V interlac(~d camera, as indicated in Figure 1. Hence, the interlaced



pictures were obtained from the progressive ones operating a vertical sub-sampling
preceded by a vertical FIR filter approaching the MTF of a DTV interlaced camera, see
Figure 2, The same filter has also been used to produce progressive sequences with a
vertical resolution equal to 1he vertical static resolution of the interlaced pictures.

3.3 Trade-off between resolution and entropy

Figure 3 reports the characteristics Spp/Nrms ratio versus entropy of the luminance
:ompone!nt of progressive and vertically filtered progressive sequences. The sequences
"lave be.~n coded using the hybrid-OCT coding scheme without weighting matrix. The
Filtering process produces a high increase of the coding efficiency, strong reduction of the
:mtropy at the same coding distortion level, but decreases the vertical resolution of the
Jicture. The bit-rate required by the vertically filtered progressive pictures, ranges from
50% to about 70%, depending on the picture. The ratio between the required bit-rates
;eems almost independent i)f the bit-rate value,

Fig. 3 - SNR [db] versus entropy [bit/pel]. Coding
efficiency comparison between progressive and
vertically filtered progressive sequences; only
luminance samples are considered.
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The bit-ralte can be also reduced decreasing the number of samples of the- picture, i.e.
coding interlaced sequences. Such sequences would present the same vertical resolution
cf the vertically filtered progressive pictures, but the interlaced format provides lower
~ icture quality and requires higher filter complexity for up and down-conversion, as
iIiIustrated in the previous items. Moreover, multiresolution systems as subband and
~.yramidal coding schemes present advantages in terms of complexity and quality at all
the resolution levels if the progressive domain instead of the interlaced domain is
adopted.

3.4 RESULTS

3:.4.1 Intra-field Coding

The coding efficiency of a pure intra-field system coding interlaced or vertically filtered
progressive sequences is discussed. Only the luminance component has been reported.
The progressive filtered sequences present a higher vertical and temporal correlation, but
a pure intra-field system exploits only the vertical one [4].

The curves of signal/coding distortion ratio versus entropy are reported in Figure 4 for the
S 3quences "Flags Waving" and "Renata", respectively. They refer to the coding of
ir Iterlaced and vertically filtered progressive pictures. The progressive picture entropy has
bsen reported in the figures multiplied by two to take into account the double number of



samples. The signallcodinq noise ratio is computed evaluating the coding noise in the
signal bcmdwidth.
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Fig. 4 - SNR [db] versus entropy
[bit/pel].
Coding efficiency comparison between
vertically filtered progressive and
interlaced sequences; only luminance
samples are considered. Only Intra­
mode is used, without visibility
weighting matrix. The entropy values
of the progressive sequences are
multiplied by two.

Figure 4 indicates that, uSing a pure intra-field coding system which doesn't exploit the
temporal correlation, the vertically filtered progressive pictures require more bit-rate than
the interlaced pictures. Thl'~ progressive/interlace bit-rate ratio varies from about 1.5 at
high bit-i-ate (more than 1 bit/pel for the interlaced picture) to about 1.3 (less than 0.5
bit/pel for the interlaced picture).

3.4.2 Hybrid Coding

The cunles of signal/coding distortion ratio versus entropy are reported in Figure 5
Nithout Yleighting matrix [4] and in Figure 6 with weighting matrix. The curves refer to the
:oding o'f interlaced and vertically filtered progressive pictures. As mentioned above, the
antropy of the progressive picture has been reported in the figures multiplied by two to
:ake into account the double number of samples of the progressive format. The signal to
:oding noise ratio is computed evaluating the coding noise in the picture bandwidth.
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Fig. 5 - SNR [db] versus entropy [bit/pel].
Coding efficiency comparison between
vertically filtered progressive and
interlaced sequences; only luminance
samples are considered. Hybrid-OCT
coding scheme, without visibility weighting
matrix. The entropy values of progressive
sequences are multiplied by two.

.Nithout weighting matrix, Figures 5 indicate that the bit-rate required by the vertically

."iltered progressive pictures is about equal to that necessary for the interlaced picture
'~hen the low bit-rate, less than 0.6 to 0.4 bit/pel, is adopted for the luminance component,



depending on the picture. At higher bit-rates, the vertically filtered progressive pictures
require more bit-rate than the interlaced pictures, about 1.2 to 1.3 times at 1 biUpel for the
luminance component.

The adoption of the weighting matrix does not modify the results indicated above, see
Figure 6.

Fig. 6 - SNR [db] versus entropy [bit/pel].
Coding efficiency comparison between
vertically filtered progressive and interlaced
sequences; only luminance samples are
considered. Hybrid-OCT coding scheme.
with visibility weighting matrix. The entropy
values of progressive sequences are
multiplied by two.
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t4.3 RE!sult analysis

'rogressive pictures have higher vertical and temporal correlation than the interlaced
pictures, but present twice the number of samples of the interlaced ones. Exploiting only
Ihe incre,ased vertical correlation, intra-field OCT, it is not possible to compensate
I~ompletely the increased nLmber of samples, so the progressive picture will require more
I)it-rate trlan the interlaced cnes.

I)n the contrary, a whole compensation is obtained if the increased temporal correlation
is also exploited, hybrid OCT. At low bit-rates, the progressive and interlaqed pictures
I equire a~out the same bit-l ate. At high bit-rates, greater than 1 bit/pel for the interlaced
picture, the progressive pi Gture requires about 20% or 30% more bit-rate than the
interlaced one.

.-he signal to noise ratio has been evaluated computing the coding noise on the picture
bandwidth which is double for the progressive picture. Hence, if the interlaced coded
picture is displayed on a progressive display via up-conversion, the coding noise of the
IIp-converted picture is con<.;entrated on the low frequencies and then subjectively more
\'isible than the one of the progressive coded picture with the same coding noise. The
down anc up-conversion of the progressive coded signal at the receiver side will have the
~;ame resolution of the coded interlaced picture, but a gain of 3 dB in SNR. Moreover, if
tIe progn~ssivecoded picture is displayed on an interlaced display, a pre-filter can reduce
tIe noise with a gain of 3dB in SNR.

()n the other hand, progressive scanning camera and interlaced scanning camera have
different noise characteristi(~. Usually, progressive scanning sequences have less SIN
ratio than the interlaced sequences and this could reduce the performance of the coding
~,ystem, mainly in the case (If HOTV pictures.

I.~. DE-INTERLACED VS. INTERLACED COMPARISON

Preliminary results indicatu that de-interlaced pictures can present higher coding
dficiency than interlaced pictures, as the progressive ones, if an improved coding scheme


